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ABSTRACT
O b je c t iv e : T h e  b io a va ila b ility  of a s ing le  dose  
(20  m g) o f tw o  e n te r ic -c o a te d  o m e p ra z o le  
fo rm u la tio n s , m arke ted  in T u rkey , g iven  10-15 
m in b e fo re  b reak fas t, w as s tud ied  in 12 hea lthy  
vo lu n te e rs  (6 m a les  and  6 fem a les ) in a d o u b le ­
b lind, c ro s s o v e r des ign .
M e th o d s : B lood  sam p les  w e re  co llec ted  p rio r to  
and  at 10 tim e  po in ts  w ith in  12 hrs. a fte r dos ing . 
P la s m a  o m e p ra z o le  c o n c e n tra tio n s  w e re  
m easu red  by H P LC  te ch n iq u e  in ou r labo ra to ry .
R e s u lts  a n d  C o n c lu s io n s :  The tw o p roducts  
w e re  found  to be b io e q u iva le n t in te rm s o f ex ten t 
o f a b s o rp tio n  (th e  a re a  u n d e r the  p la s m a  
c o n c e n tra tio n -tim e  cu rve s ). M u ltip e a k  p la sm a  
co n ce n tra tio n  p ro file s  w e re  seen  in m ost of the 
su b je c ts  w ith  bo th  p roduc ts . T im e  to  the  e a rlie r 
peaks  w as  1-2 hrs. and  those  peaks w e re  low e r 
in a m p litu d e  th a n  th e  p e a ks  re a ch e d  
a p p ro x im a te ly  4 .5  hrs. a fte r the  a p p lica tio n . 
In te re s tin g ly , the  m u ltip e a k  p ro file  w as  m ore  
fre q u e n t and  the  e a rlie r peaks  w e re  s ig n ifican tly  
h igher in fe m a le  su b je c ts  than in m ales. The 
reason  fo r th is  g e n d e r d iffe re n ce  in m u ltipeak  
p la s m a  c o n c e n tra t io n  - tim e  p ro file  o f o ra l 
o m e p ra zo le  needs fu rth e r inves tiga tion .
Key Words: O m e p ra zo le  - B ioava ilab ility  - 
E n te ric  - coa ted  ca p su les  - G e n d e r d iffe rence
INTRODUCTION
O m e p ra z o le , a s u b s titu te d  b e n z im id a z o le  
d e riva tive  ca u se s  the  po te n t and long-lasting  
inh ib ition  o f g a s tr ic  ac id  secre tion  by se lective ly  
in te ra c tin g  w ith  the  g a s tr ic  p ro ton  pum p (h +-k +- 
A T P ase ) in the  pa rie ta l ce ll sec re to ry  m em brane  
(1-3). T he  d e g re e  of g a s tr ic  ac id  supp ress ion  is 
c o rre la te d  w ith  th e  a re a  u n d e r th e  p la sm a  
o m e p ra zo le  co n ce n tra tio n -tim e  cu rve  (AU C ) and 
not d ire c tly  re la ted  to  the  p la sm a  concen tra tion  of 
the  d rug  at any g iven  tim e  (4). The long lasting 
e ffe c t o f o m e p ra zo le  on the  H+-K+-ATPase in the 
pa rie ta l ce lls , d e sp ite  its sh o rt p lasm a  half life, 
a cco u n ts  fo r the  lack  o f co rre la tion  be tw een 
p la s m a  c o n c e n tra tio n  and  d e g re e  of ac id  
inh ib itio n  (2).
S ince  o m e p ra zo le  is ac id  lab ile , ac id -res is tan t 
e n te ric -co a te d  g ra n u le s  or ca p su les  have been 
d e ve loped . A lth o u g h  the  ex ten t of absorp tion  
w a s  re p o rte d  n o t to  be  in flu e n c e d  by th e  
p re se n ce  o f food  in the  s tom ach , m u ltipeak  or 
s in g le -p e a k  p la sm a  co n ce n tra tio n -tim e  pro files 
w e re  fo u n d  a fte r  th e  o ra l a d m in is tra tio n  of 
o m e p ra z o le  a d m in is te re d  b e fo re  and  a fte r
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b reak fas t, re sp e c tive ly . T he  p resen t s tudy w as  
p lanned  to  in ve s tig a te  the  b io a va ila b ility  and 
p lasm a  co n ce n tra tio n -tim e  p ro files  a fte r a s ing le  
o ra l d o s e  o f tw o  o m e p ra z o le  fo rm u la tio n s  
m arke ted  in T u rke y  in m ale and fe m a le  hea lthy  
vo lun tee rs . B o th  p re p a ra tio n s  are in de layed  
re lease , e n te ric -co a te d , capsu le  fo rm s.
MATERIAL AND METHOD
S u b je c ts :  T w e lve  hea lthy  adu lt vo lu n te e rs  (6 
fem a les , 6 m a les) aged  be tw een  20 -26  years ,
w e ig h in g  49 -8 7  kg w e re  inc luded  in the  s tudy.
T h e  s u b je c ts  w e re  a s s e s s e d  b y  a m e d ica l 
h is to ry , p h y s ic a l e x a m in a tio n , b io c h e m ic a l
in ve s tig a tio n s  fo r k idney  and  live r fu n c tio n s  and 
h e m a to lo g ic a l e x a m in a tio n s ; th e  v a lu e s  and  
find ings  w e re  w ith in  the  no rm a l lim its . N one  of 
the  sub jec ts  rece ived  any o the r m ed ica tion  fo r 4 
w eeks  p rio r to  the  s tudy  and du ring  the  s tudy  
period . T he  s tu d y  w as co n d u c te d  in acco rd a n ce  
w ith  the  D ec la ra tion  of H e ls ink i. A  fu lly  in fo rm ed  
w ritte n  c o n s e n t w a s  o b ta in e d  fro m  e a ch
vo lun tee r. T he  s tudy  w as  app roved  by the  E th ics  
C om m ittee  of M a rm ara  U n ivers ity , S choo l of 
M ed ic ine .
S tu d y  d e s ig n :  A ra n d o m ize d , d o u b le  b lind , 
c ro sso ve r d e s ign  w ith  a w a sh o u t pe riod  of 7 days  
be tw een th e  tre a tm e n ts  w as  used. Each sub jec t 
rece ived  one  ca p su le  of e ith e r p ro d u c t "A " o r "B " 
(20 m g om e p ra zo le ) at 8 :00 -9 :00  a.m . one  w e e k  
apart. A s ta n d a rd  b re a k fa s t w as  g iven  10-15 
m inu tes a fte r th e  d rug  a d m in is tra tio n  to all the  
vo lun tee rs . C a lo rie  in take  and phys ica l exe rc ise  
w e re  a lso  s ta n d a rd ize d  du ring  the  s tudy  period .
B lood sam p les  (5 ml each) w e re  co lle c te d  by 
v e n ip u n c tu re  fro m  th e  fo re a rm  at 
0 ,1 ,2 ,2 .5 ,3 ,3 .5 ,4 ,5 ,6 ,8  and  12 hrs. a fte r the  d rug  
a d m in is tra t io n .T h e  p la s m a  w a s  s e p a ra te d  
im m ed ia te ly  by ce n tr ifu g a tio n  a t 3000  rpm  fo r 10 
m inu tes and w as  bu ffe red  by add ing  4 pi o f 1.0 M 
sod ium  ca rb o n a te  p e r ml of p lasm a. The sam p les  
w e re  s to re d  a t - 7 0 °C  u n til a s s a y e d  fo r 
om eprazo le .
A n a ly s is :  P lasm a  o m e p ra zo le  co n ce n tra tio n s  
w e re  m e a s u re d  by h igh  p e rfo rm a n c e  liq u id  
ch ro m a to g ra p h y  (H P LC ) te ch n iq u e  of K obayash i 
et a l.(5). The  H P LC  sys tem  cons is ted  o f a pum p 
(Jasco, P U 980), a UV d e te c to r w ith  va riab le  
w a ve le n g th  (Jasco , U V 975), a R heodyne  va lve
(R 7 7 2 5 ) as  an  in je c t io n  u n it, a  c o m p u tin g  
in te g ra to r (C a lib ra  386  PC ), and  a reve rsed  
ph a se  C 18 co lu m n  p a cke d  w ith  N uc leos il 100 
(leng th  25 cm , in te rn a l d ia m e te r 4  m m , pa rtic le  
s ize  5 pm ; M a ch e re y -N a g e l). T h e  m ob ile  phase  
w a s  a c e to n itr ile -0 .0 5  M p h o s p h a te  b u ffe r  
(pH = 8 .5 ; 30 :70  v /v) and  the  m ix tu re  w as  filte red  
and  d e g a sse d  b e fo re  use. S e p a ra tio n s  w ere  
m ade  a t a m b ie n t te m p e ra tu re  w ith  a flo w  ra te  of
1.0 m l/m in . D e te c tio n  w a s  p e rfo rm e d  at a w ave  
leng th  of 302  nm .
S ta t is t ic s :  T h e  l in e a r ity  o f th e  a s s a y  w as  
e x a m in e d  fo r  o m e p ra z o le  a t c o n c e n tra tio n s  
rang ing  fro m  3 0 -1 0 0 0  ng /m l in p lasm a . S tanda rd  
sa m p le s  w e re  p re p a red  by a d d ing  th e  a n a ly te  to 
d ru g - fre e  p la s m a  and  w e re  e x tra c te d  as 
de sc rib e d  by K o b a ya sh i e t al. (5). P eak  a reas  
w e re  m easu red  and  the  ca lib ra tio n  g raph  w as 
o b ta in e d  fro m  th e  le a s t-s q u a re s  lin e a r 
reg ress ion . T h e  re g re ss io n  line  w as  used to 
ca lcu la te  th e  c o n c e n tra tio n s  o f the  re spec tive  
a n a ly te s  in the  u n kn o w n  sa m p le s . T he  in tra - and 
in te ra ssa y  co e ffic ie n ts  o f va ria tio n  (C .V .) w e re  
< 20% . T h e  p e a k  p la sm a  c o n ce n tra tio n  (C max) 
and  the  tim e  to  reach  p e a k  p la sm a  co n ce n tra tio n  
( W )  w e re  ca lcu la te d  from  the  ac tua l ob se rve d  
p la sm a  d a ta  of each  vo lu n te e r. T he  a rea  unde r 
the  p la sm a  o m e p ra zo le  c o n c e n tra tio n -tim e  cu rve  
(A U C 0.t) by  tra p e zo id a l ru le  and  the  A U C t. „  by 
d iv id in g  th e  la s t o b s e rv e d  o m e p ra z o le  
co n ce n tra tio n  by e lim in a tio n  ra te  co n s ta n t. The  
d a ta  a re  e xp re sse d  as m e a n ± S .E .M . and  w ere  
an a lyzed  s ta tis t ica lly  by the  S tu d e n t's  pa ired  t- 
test.
RESULTS
All the  su b je c ts  c o m p le te d  th e  s tu d y  and  no 
adve rse  e ve n ts  w e re  ob se rve d . T he  ind iv idua l 
p la s m a  c o n c e n tra t io n - t im e  p ro f ile s  a fte r  the  
a d m in is tra t io n  o f e n te r ic -c o a te d  o m e p ra z o le  
ca p su le s  sh o w e d  in te rin d iv id u a l va ria tio n  w ith  
bo th  p re p a ra tio n s . In so m e  cases , a s in g le  peak  
w a s  o b s e rv e d , w h e re a s  m u lt ip e a k  p ro f ile s  
occu rre d  in o the rs . T im e  to  the  ea rly  peaks  w as
1-2 h and  th o se  peaks  w e re  lo w e r in a m p litude  
than  th e  peaks  re a ched  a p p ro x im a te ly  4 .5  h a fte r 
th e  a p p lica tio n . F ig. 1 sh o w s  the  m ean  p la sm a  
o m e p ra zo le  co n ce n tra tio n  o f the  vo lu n te e rs  at 
d iffe re n t tim e  in te rva ls  a fte r a s in g le  dose  o f 20 
mg o f p ro d u c t "A " and  "B " and  T a b le  I show s the  
m ean va lu e s  o f C max, A U C 0_„ and  tmax fo r bo th
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F ig . l Plasma omeprazole concentrations (mean ± 
S.E.M.) at different time intervals after a single dose 
of 20 mg enteric-coated omeprazole capsules given 
10-15 mins before breakfast in 12 healthy 
volunteers.
T a b le  I. C om parative pharm acokinetics after a single oral dose 
of om eprazole (20 mg) in healthy volunteers. Values are 
expressed as mean±S.E.M.
Parameters Product A Product B
Cmax (nQ/ml) 361 2±71 1 317.7±85.8
’ max (’’ ) 4,5±0.3 4.2±0.3
AUCg.^ (ng/ml.h) 961±303 980±322
p ro d u c ts . A ll o f th e se  p a ra m e te rs  w e re  no t 
s ig n ifica n tly  d iffe re n t from  each o ther.
W hen  the  re su lts  o b ta ined  from  m ale  and fem a le  
su b je c ts  w e re  rea n a lyze d  sepa ra te ly , it w as  seen 
th a t the  m u ltip e a k  p ro file  w as m ore  fre q u e n t and 
th e  a m p litu d e s  o f th e  e a rly  p e a ks  w e re  
s ig n ifica n tly  h ig h e r in fe m a le  sub jec ts  (p<0 .05 ; 
F igs. 2-4).
F ig .2  Median plasma omeprazole concentrations at 
different time Intervals after a single dose of 20 mg 
enteric-coated omeprazole capsules given 10-15 
mins before breakfast in 6 healthy male volunteers.
F lg .3  Median plasma omeprazole concentrations at 
different time intervals after a single dose of 20 mg 
enteric-coated omeprazole capsules given 10-15 
mins before breakfast in 6 healthy female 
volunteers.
F ig .4  The amplitude of the early omeprazole peak 
plasma concentration reached 1-2 hrs. after a 
single dose of 20 mg enteric-coated omeprazole 
capsules given 10-15 mins before breakfast in 
female (n=6) and male (n=6) healthy volunteers. 
*p<0.05 vs female subjects.
DISCUSSION
In th e  p re se n t s tudy , the  a rea  unde r the  p lasm a 
o m e p ra z o le - t im e  c u rv e  (A U C ) w as  s im ila r 
fo llo w in g  both  p roduc ts . A lth o u g h  s ligh tly  (but not 
s ig n ifica n tly ) h ig h e r C max va lu e s  w ere  ob ta ined  
w ith  p roduc t "A ", p ro d u c t "A " and  "B" m ay be 
con s id e re d  to  be  b io e q u iva le n t s ince  the degree
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of supp ress ion  of g as tr ic  ac id  secre tion  w as 
reported  to  be  co rre la ted  to  the  A U C  but no t to  the  
p lasm a  con ce n tra tio n  a t any g iven  tim e (4). The 
g rea t in te rsub jec t va ria b ility  in A U C  va lues  can  be 
exp la ined  by 3 su b jec ts  be ing  ou tlye rs . Those  
sub jec ts  (1 fem a le  and 2 m ales) had the  h ighest 
A U C  va lues  fo llo w in g  both  p roducts . T hey m ay 
be s low  m e tabo lize rs  of o m ep razo le  (6).
The o m e p ra zo le  d o sa g e  reco m m e n d e d  in the  
c lin ica l p ro g ra m m e  w a s  to  be ta ke n  b e fo re  
b reakfast. A n d e rsso n  et al. (6) repo rted  th a t the  
am oun t of o m e p ra zo le  abso rbed  w as una ffec ted  
by w h e th e r the  ca p su les  w e re  ta ke n  be fo re  or 
a fte r b re a k fa s t. T h e  m u ltip e a k  p la s m a  
co n ce n tra tio n -tim e  p ro file  seen  in th is  s tudy  w as 
s im ila r to  th o se  repo rted  by A n d e rsso n  et al. (6) 
w hen  the  d rug  w as  g iven  b e fo re  b re a k fa s t as in 
ou r case. In te res ting ly , a lthough  the  in ve s tig a to rs  
did not s tress  th is , a s ing le  p e a k  p ro file  w as 
o b ta in e d  w h e n  o m e p ra z o le  w a s  ta ke n  a fte r 
b re a k fa s t. S in g le  p e a k  p ro f ile s  w e re  a lso  
reported  by seve ra l o th e r in ve s tig a to rs  w hen  they  
gave  e n te r ic -co a te d  o m e p ra zo le  p re p a ra tio n s  
2 .5 -3  hrs. a fte r b re a k fa s t (7-9).
E n te ric  c o a tin g  is a c c e p te d  to  p re v e n t th e  
g ranu les  re leas ing  om e p ra zo le  until they  reach 
the  in tes tine  and  the  ra te  of gas tric  e m p ty ing  
d e te rm ines  the  tim e  to  a b so rp tion . The  tim e  to 
the firs t d e te c ta b le  p la sm a  co n ce n tra tio n  w as 
reported  to  be  s h o rte r a fte r the  d rug  g iven  be fo re  
b re a k fa s t (6 ). T h e re fo re , th e  e a r lie r  o f th e  
om ep razo le  peaks  in p la sm a  m ay re p re se n t the 
om ep razo le  g ra n u le s  le ft in the  s tom ach  be fo re  
food inges tion . It se e m s like ly  th a t the  a rriva l of 
th e  re m a in in g  o m e p ra z o le  g ra n u le s  to  th e  
in tes tina l lum en  w e re  de layed  by food  ea ten  10- 
15 m ins, a fte r o m ep razo le .
T he  in te res ting  ob se rva tio n  of th is  s tu d y  w as the  
d iffe re n c e  b e tw e e n  th e  m a le  and  fe m a le  
sub jec ts . It w as seen  th a t the  m u ltip e a k  p ro file  
w as m ore  fre q u e n t and  the  a m p litu d e s  of the  
early  peaks w e re  h ig h e r in fe m a le  sub jec ts . The 
des ign  of th is  s tudy  and the  nu m b e r of sub jec ts  
do not a llow  us to  m ake  any sp e cu la tio n s  on  th is  
find ing . F u rthe r p h a rm a cok in e tic  s tud ies  in bo th  
hea lthy vo lu n te e rs  and p a tien ts  w ith  pep tic  u lce r 
d is e a s e  a re  n e e d e d  to  c le a r ify  th e  issu e . 
F u rth e rm o re , th e  p o s s ib il ity  o f th e  g e n d e r 
d iffe rence  on th e  sup p re ss io n  of g a s tr ic  acid 
s e c re tio n  by  o m e p ra z o le  m u s t a lso  be  
inves tiga ted .
A c k n o w le d g e m e n t:  T h is  s tu d y  w a s  sp o n so re d  
by İlsan  İla ç la rı A .Ş ., Is ta n b u l, T u rke y . T he  
a u tho rs  w ish  to  th a n k  all th e  v o lu n te e rs  fo r 
p a rtic ip a tin g  the  s tudy.
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